
2.13 Surgical Implants

Introduction

Metallic devices have been used to repair and replace parts of the human
body for centuries. Archaeological evidence clearly indicates that surgical
procedures were performed in several ancient civilisations. The use of
surgical metal implants in humans was first recorded in 1562 when a gold
prosthesis was used to close a defect in a cleft palate1.

Progress in surgery, however, was slow and mixed liberally with supersti-
tion until the latter part of the nineteenth century. Pasteur's and Lister's
aseptic surgical techniques, developed around 1883, and shortly thereafter
Roentgen's discovery of X-rays in 1895, added a new dimension to ortho-
paedic surgery2. As the occurrence of infection was brought under control,
the relationship between material properties and the success of implant
surgery became more clearly apparent. Tissue compatibility, corrosion resis-
tance and strength were the critical characteristics found to be necessary.
The noble metals, gold and silver, met the first two criteria but lacked
strength for applications with high stress. Metals such as brass, copper and
steel had adequate strength for many applications but exhibited poor corro-
sion behaviour and tissue compatibility.

In the beginning of the twentieth century, surgical techniques were
developed for the fixation of bone fractures with a plate and screw combina-
tion. Sherman-type bone plates were fabricated from the best available alloy
at the time, vanadium steel. By the 1920s the use of vanadium steel became
questionable because of poor tissue compatibility. At that time however, no
other alloy was available with high strength and good corrosion resistant
properties.

During the 1930s, stainless steels containing 18% chromium and 8%
nickel were first used for surgical implants. This material had far superior
corrosion resistant properties than anything that had been available up to
that time and immediately attracted the interest of orthopaedic surgeons.
Bone plates, screws and other fixation devices were fabricated and used as
surgical implants. Although the material performed better than anything else
available, it still showed some susceptibility to attack in the saline environ-
ment of the human body. In 1926, when Strauss patented the 18-8 SMo
stainless steel, containing 2 to 4% molybdenum and a reduced carbon con-
tent of 0.08%, a material was created which promised improved resistance



to acid and chloride containing environments. This material formed the basis
for the type 316L alloy in common use today. Also in the 1930s, a cobalt-
chromium-molybdenum casting alloy previously used for dental appliances
began to be used for surgical implants.

When titanium became commercially developed in the late 1940s, it was
very soon evaluated as a suitable surgical implant material. The metal
possessed a good combination of mechanical and corrosion resistant proper-
ties and also demonstrated outstanding tissue compatibility characteristics.
Although a few internal fixation devices were also used in the United States
in the 1950s and 1960s, the most extensive clinical use of titanium alloys was
in England.

Interest in the Ti-6Al-4V alloy and Extra Low Interstitial (ELI) ver-
sions of this alloy for total joint prostheses spurted in the United States
in the late 1970s. This alloy now finds wide application in orthopaedic
surgery3.

In the early 1980s a high-nitrogen austenitic stainless steel was introduced
for use in orthopaedic surgery. The starting point for the development of this
strong, highly corrosion resistant steel was the well-known Cr-Ni-Mo
austenitic stainless steel type 316Sl6. Solid solution strengthening was
achieved by increasing chromium and nitrogen contents and supplemented
by a small addition of niobium. These alloying additions also served to
improve corrosion resistance substantially while the use of a high nitrogen
content allowed the attainment of an austenitic structure without increase
of the use of the expensive element nickel, despite the presence of a high
chromium plus molybdenum content. The balance of composition had been
carefully selected to allow the realisation of substantially improved mech-
anical and corrosion resistant properties without excessive increase in cost
or handling characteristics4'5. In its cold-worked state this material exhibits
very high yield and fatigue limiting strengths.

Significant advances have also been made by forging titanium alloy
(Ti-6Al-4V) and cobalt chromium alloys; cold working multiphase cobalt
based alloys and by hot isostatically pressing cobalt chromium alloy
powders. The property values claimed by the manufacturers are far in excess
of the minimum values specified in the British, American and International
Standards6.

Non-metallic Materials

Most modern joint replacement systems rely on a metal-plastic bearing
arrangement. Plastics had not been in use in orthopaedic surgery much
before 1958 when Charnley7'8 introduced polytetrafluoroethylene (Teflon)
for an acetabular prosthesis which was cemented into place with cold-curing
polymethylmethacrylate. When the Teflon showed an unacceptable degree
of wear, Charnley introduced high-density polyethylene as an alternative
material. He subsequently went on to use ultra high molecular weight poly-
ethelene. This is currently the main plastic which is used in orthopaedic
surgery.

Several other polymers, non-metals and ceramics, are currently being
implanted for applications outside orthopaedic surgery, typical examples



being polypropylene, polyacetal, polyethylene glycol terephthalate, poly-
sulphone, carbon fibre, zirconia and aluminium oxide ceramics.

The mechanisms by which polymers undergo degradation in the human
body are not yet completely understood. Examples of breakdown of these
materials are illustrated by the embrittlement and excessive wear of polyester
sockets exposed to the mechanical, biochemical and thermal stresses of the
physiological milieu, as well as by the fatigue fractures, excessive wear and
additional cross-linking (embrittlement) that have been observed in poly-
ethylene sockets.

Material Selection

There are a number of ways to reduce corrosion9. Altering the environ-
ment is a common method used for industrial applications. Changing the
electrolyte, concentration, reducing the temperature, or adding chemical
inhibitors are all are used to decrease corrosion. Unfortunately, these tech-
niques cannot be used for surgical implants since the environment is fixed
and cannot be altered without destructive biological effects. Coatings are
also widely used to retard corrosion. They have only limited use for pro-
tecting implants since many are subjected to abrasion and wear, especially
orthopaedic devices. Applied current protection methods (anodic and
cathodic protection) are too clumsy and impractical for use with surgically
implanted devices. The only generally useful way to reduce the corro-
sion of surgical implants is by using an appropriate alloy and/or other
materials10.

The materials which are currently specified in the National and Inter-
national Standards for use as implants together with their associated
mechanical properties are shown in Table 2.23.

These standards also outline requirements for surface finish, grain size,
heat treatment, metallurgical cleanness, absence of delta ferrite and alloy
segregation to ensure that besides having a well balanced chemistry the alloys
shall be in the proper metallurgical condition to yield optimum mechanical
and corrosion resistant properties.

The Environment

It is widely appreciated that the deterioration of metal and plastic implant
materials within the body is one of the most important aspects of implant
surgery. This particular application of materials places an almost unique
demand on the resistance to deterioration. The reasons are basically twofold,
for not only may the environmental effects alter the structure and properties
of the material, which may itself affect the function of the implant and hence
the well-being of the patient, but also the by-products of any structural
change may have harmful effects on the patient16.

Ideally, a metallic implant should be completely inert in the body.
However, that is rarely the case. The body environment is extremely hostile
to all foreign materials and therefore, the effect of the environment on
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Table 2.23 Selected mechanical properties of materials used in total joint replacement n~15.
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the implant and the effect of the implant on its host tissue are of primary
concern.

A surgical implant is constantly bathed in extracellular tissue fluid.
Basically water, this fluid contains electrolytes, complex compounds, oxygen
and carbon dioxide. Electrolytes present in the largest amounts are sodium
(Na+) and chloride (Cl") ions. Most of the fluids existing in the body (such
as blood, plasma and lymph) have a chloride content (and pH) somewhat
similar to that of sea water (about 5 to 20g/l and pH about 8)17.

A 0-9% salt solution is considered to be isotonic with blood. Other elec-
trolytes present include bicarbonate ions (HCO3") and small amounts of
potassium, calcium, magnesium, phosphate, sulphate and organic acid ions.
Included among the complex compounds and present in smaller amounts are
phospholipids, cholesterols, natural fats, proteins, glucose and amino acids.
Under normal conditions the extracellular body fluid is slightly alkaline with
a p H o f 7-42.

In 1965 Zapffe18 found that after fracture trauma local pH values
decreased to 5.3-5.6. As healing took place the pH increased gradually to
the normal 7-4. Another source of low local pH in vivo is the presence of
crevices between components of a fixation device. A restriction of the oxygen
supply to these locations can lead to pH values of about unity19.

With internal fixation, the disturbance of the blood supply to the bones
is often accompanied by severe pathalogical changes that may affect heal-
ing and variation in the equilibrium state electrochemically20'21. The ionic
species also perform numerous functions that include maintenance of the
body pH and participation in the oxidation-reduction (electron-transfer)
reactions22. Normal imbalance occurs in the fluid compartment and differ-
ent transport of ions and non-uniform changes normally accompany disease
states. For example, during intensive care, after accidents or surgical opera-
tions, the fluid compartments are often disturbed. From an electrochemical
viewpoint, the acceleration of corrosion can be due to the differential con-
ditions existing along the implant surface. These conditions may be responsi-
ble for the formation of electrochemical cells accompanied by active metal
dissolution at favoured localised spots at the implant-body fluid interface10.

Reaction of the host tissue to metallic implants is affected by many factors
including shape and size of the implant, movement between the implant
and tissue, extent of corrosion attack, general degradation of the implant,
and the biological activity of the resulting by-products of corrosion or
degradation.

When an implant is surgically inserted into the human body, the internal
environment is greatly disturbed. Haematomas are likely to collect around
the implant, resulting in a lowered pH. Laing23 observed pH values as low
as 4-0 in healing wounds. The low pH usually persists until the haematomas
are reabsorbed after several weeks2.

From what has been said it is obvious that the environmental conditions
within the human body are quite hostile and vary according to the degree of
interaction with the body and the implant and the degree of trauma and
infection associated with the implantation procedure.

There are a series of other factors which can result in altering the local
environmental conditions and lead to various forms of corrosion and/or
failure of the implant. These are discussed in the next section.



Corrosion Phenomena

In-V/vo and In-Vitro Testing

A number of studies have been carried out on the difficult task of measuring
corrosion parameters in-vivo. These have involved measurement of corro-
sion potential24"26 or corrosion rate using polarisation methods27"30. Only
one of these studies has involved a functional loading situation. Brown and
Simpson33 measured corrosion potential versus time for a 316L stainless
steel bone screw/plate combination in a sheep tibia in-vivo. A potential shift
toward more active potentials was observed as the sheep increased the load-
ing of the device by walking on a treadmill. Thull etal.32 have performed
corrosion experiments in dogs using telemetric methods. Corrosion potential
versus time measurements were made for various implant alloys. The results
were interpreted in terms of a situation where implant/tissue relative move-
ment established a fretting corrosion situation. No information on stress
levels or corrosion rates were obtained in either of these studies.

In-vitro fretting corrosion experiments have been performed using weight
loss31, polarisation29 and corrosion potential measurements. Thull and
Schaldach32 have performed corrosion potential versus time measurements
in-vitro in a joint simulator with different values of applied load. Brown and
Simpson33 have performed similar studies with screw/plate fretting. Both
studies found larger shifts towards active potentials with larger loads34.

One of the main problems of corrosion testing in-vivo and the interpreta-
tion of the mechanisms of corrosion which have taken place in-vivo after the
implant has been removed from a patient is well illustrated in Figure 2.35
used by Semlitsch and Willet14 to illustrate the types of corrosion which are
associated with a total hip joint replacement. This figure shows that many
corrosion mechanisms could be taking place simultaneously in a system of
this nature.

To understand each of the corrosion mechanisms which could take place
in-vivo and because of the difficulties of conducting in-vivo experiments
most of the experimental work has been carried out in-vitro under somewhat
simplified experimental conditions.

Anodic polarisation curves for the basic materials used for implants (e.g.
stainless steel type 316Sl2, Titanium-6Al-4V and a Co-Cr-Mo casting alloy)
have been obtained under varying conditions of surface finish, environment,
chloride ion concentration, pH, aerated and de-aerated solutions at various
temperatures and are well documented in the literature36"38. Typical results
are shown in Tables 2.24 and 2.25. These results show that the basic mate-
rials used for implantation exhibit good corrosion resistant properties in
simulated body fluid environments (Hanks's physiological solution) and in
much more aggressive solutions such as 0-23 M [CT] acidified to pH 1-5,
which simulate deep crevice and infection conditions. The materials' rest
potentials are well below their respective breakdown potentials and are there-
fore stable under these conditions. These results only give an indication of
how the materials behave under non-stressed, non-crevice and non-fretting
conditions.

Ogundele and White39 carried out a series of polarisation studies on
surgical grade stainless steels in Hanks's physiological solution. Under



(a) Only slight increase in current produced on raising the potential to +1-8 volts.
0>) Breakdown potential difficult to define. The current increases more rapidly at -1-0-79 volts.

varying conditions of temperature, [Cl~], [HCO3"] and pH and are
summarised as follows:

1. Increasing concentrations of chloride ions adversely affected corro-
sion resistance in lowering passivation breakdown potentials, mar-
ginally lowering corrosion potentials, lowering passivation potentials
and generally increasing the propensity to pitting attack as evidenced

Material

316 Stainless steel
Titanium
Cr-Cr-Mo (cast) Alloy

After Hoar and Mears24

Hanks's solution

400-480
9000
870

After Bultitude and Morris35

Ringer's solution

160-650
800 (a)

790(b)

Fig. 2.35 Mechanical stresses and corrosive effects to which a joint endoprosthesis is exposed
in the human body; W-wear (mechanical and/or depassivation), B-bending (corrosion

fatigue), T-torsion, G-general and localised attack.

Table 2.24 Breakdown potentials (mV) for 316 stainless steel, titanium and cobalt-
chromium-molybdenum alloy in oxygen-free 0.17 M NaCl solution at 370C using a silver/

silver chloride reference electrode.
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* Results provided by De Puy International Ltd. Leeds.

by the increase in size of hysteresis loops from potentiodynamic cycling
tests.

2. Increasing concentrations of bicarbonate tended to raise the break-
down potentials but also increased the corrosion potentials. This, in
combination with a high chloride concentration, high bicarbonate
concentrations may raise the corrosion potentials such that they border
on passivation breakdown. The increase in hysteresis loop size on
potentiodynamic cycles with increasing bicarbonate concentration
shows a lowered resistance to pitting attack and crevice corrosion.

3. Variations in pH promoted increases in corrosion potentials from acid
pH levels to neutral pH; thereafter, however, corrosion potentials were
lowered in alkaline solutions to more active values. Decreasing pH
caused a lowering of breakdown potentials in the presence of Cl" and
an increase in the current densities for passivation.

4. Increasing temperature tended to raise corrosion potentials, lower
breakdown potentials, thereby generally lowering corrosion resistance.
Ogundele and White39 re-emphasised that 316L type stainless steels
are generally corrosion resistant in biological fluids and are suited to
application in orthopaedic implants. They support their argument by
the fact that there is a low incidence of implant failures (<5% from
corrosion and corrosion-related mechanisms or both)40.

Pitting Corrosion (Sections 1.5 and 1.6)

The literature contains a number of studies on the susceptibility of the
cobalt-based alloys to pitting corrosion. In-vitro studies conducted by
Mueller and Greener38, involving static conditions, revealed no evidence of
pitting having occurred. Syrett and Wing41, utilising cyclic polarisation
analyses, observed that neither as-cast nor annealed Co-Cr-Mo alloy
demonstrated hysteresis loops in their cyclic polarisation curves. They

Material

316 S12
Stainless steel

High
nitrogen
stainless steel

Titanium-
6A1-4V

Co-Cr-Mo
Alloy

British
standard

BS7252/1
Comp. D

BS7252/9

BS7252/3

BS7252/4

Condition

cold
worked

cold
worked

annealed

cast

Breakdown
potential
mV(s.c.e.)

180

850

1700

850

Rest
potential
mV(s.c.e.)

-100

300

150

155

Table 2.25 Breakdown potentials for 316Sl 2 stainless steel (cold worked), high nitrogen
stainless steel (cold worked), titanium-6Al-4V and cast-cobalt-chromium-molybdenum alloy

in continuously aerated aqueous acidified chloride solution 0.23 M [Cl~] pH 1.5 at 250C*.



concluded that this substantiated the fact that neither should be susceptible
to pitting or crevice corrosion. Other investigators42"48 studying the suscep-
tibility of the cobalt alloy to pitting corrosion under in-vitro static condi-
tions, have shown the alloy not to be susceptible. However, when the alloy
is either severely cold worked or subjected to fretting or cyclic loading
conditions49'50 pitting corrosion has been observed in-vitro25.

The addition of a minimum of 2% molybdenum content in type 316
stainless steel has been shown to reduce the tendency for pitting-type corro-
sion in chloride environments. Hoar and Mears24 postulated that chloride
ions accelerate the corrosion of stainless steel by penetrating the oxide film.
The chloride-contaminated film then loses its passivating quality and a local
attack on the metal follows, creating a pit. The exact mechanism by which
molybdenum strengthens the oxide film is not clearly understood2.

Stress Corrosion Cracking (Sections 1.5, 1.6 and Chapter 8)

Pitting and stress corrosion cracking, although usually associated with
stainless steels in chloride media, have not been observed on recovered
surgical implants. Implants often exhibit cracks and surface pitting, but
these are most likely the result of improper manufacture rather than
corrosion51"52.

Sheehan etal.53 studied stress corrosion cracking (SCC) of type 316L
stainless steel in-vitro. Tests were conducted using specimens with electro-
polished surfaces in slow strain-rate tension tests and Schneider intramedul-
lary nails in static bend tests. They concluded, as previous investigators had
done, that SCC is not a mode of failure of type 316L stainless steel implants
in-vitro and found no indication that SCC of this material would occur
in-vivo. Bundy and Desai54 studied SCC of type 316L stainless steel and
ELI Ti-6Al-4V using fracture mechanics and measuring crack propagation
velocity versus stress intensity in environments of MgCl2, HCl and Ringer's
solution. Crack propagation occurred in precracked type 316L stainless steel
in Ringer's solution held at a potential that disrupted the passive film. The
conclusion from this investigation was that SCC of type 316L stainless
steel could occur in-vivo if these conditions existed.

Edwards etal.55 carried out controlled potential, slow strain-rate tests
on 'Zimaloy' (a cobalt-chromium-molybdenum implant alloy) in Ringer's
solution at 370C and showed that hydrogen absorption may degrade the
mechanical properties of the alloy. Potentials were controlled so that the
tensile sample was either cathodic or anodic with respect to the metal's free
corrosion potential. Hydrogen was generated on the sample surface when the
specimen was cathodic, and dissolution of the sample was encouraged when
the sample was anodic. The results of these controlled potential tests showed
no susceptibility of this alloy to SCC at anodic potentials.

Corrosion Fatigue (Section 8.6)

The corrosion fatigue failure of total joint prostheses has been widely
studied. It can be concluded from an extensive literature survey carried



out by Leclerc6 that provided the alloy used in the manufacture of the
joint prosthesis conforms with the current national and international stan-
dards and that it is in the correct metallurgical condition the contribution of
corrosion in the corrosion fatigue failures of joint prostheses is marginal.
The corrosion contribution increases with the time that the prosthesis is
present in the patient.

It has also been shown by various testing laboratories that the in-vivo
failures can be simulated using in-vitro simulators without the presence of
a corrosive medium and provided that a torsional component of load is
applied to the prosthesis.

Bechtol56 in reviewing his clinical experience with 1087 cemented
Charnley and Bechtol total hip replacements concluded that prosthetic stem
failure is actually the final sequence of previous failures of bony and cement
support. His suggested sequence of events leading to prosthetic stem failure
have been substantiated in the literature and are as follows:

1. Poor blood supply in the area of the medial femoral neck (as the con-
sequence of a pre-existing pathological condition or excessive early
weight bearing) leads to initial loosening of the cement bond;

2. Resorption of bone in the medial neck places the forces of conti-
nued weight bearing on the bone cement in that area and may lead to
medial and/or distal migration of the femoral cement and prosthetic
component;

3. Fracture of cement transversely near the distal end of the prosthetic
stem or in the area of the medial neck results in a slight downward or
medial shift of stem position and further increases the forces upon the
stem;

4. Repeated flexing of the proximal stem in a fatigue mode over a period
of months or years results in a widening of the separation between the
metal and cement laterally and ultimately in an actual deformity or
fracture of the metal stem.

Hughes, Jordan and Orman19 reported on some corrosion fatigue tests
that they carried out on an Amsler Vibrophore with specimens immersed in
saline environments with a pH range 2 to 7-4. They found that titanium
showed a slight decrease in fatigue properties over the pH range whereas
stainless steel showed a drastic decline in fatigue strength at pH 4 and below
this level became inferior to the titanium. Rollins etal.51 tested steels in
chloride solutions of varying pH and found that corrosion in the range pH
4-10 was independent of pH since the process was controlled by oxygen
diffusion to cathodic areas, i.e. it depended on the solubility of oxygen in the
solution. Below pH 4 there was an increase in corrosion rate associated with
cathodic hydrogen evolution. Although there was insufficient data to analyse
fully the effects of changes of pH, it is clear that the increased corrosion rate
reported below pH 4 was making a contribution to the reduction of the
fatigue strength of the stainless steels.

Piehler etal^ reported on corrosion fatigue of hip nails and emphasised
the importance of materials selection and design. Corrosion-fatigue tests
of nail plates were conducted on a flexure fatigue machine to compare
devices of identical design but different material. Large plate designs had
superior corrosion-fatigue performance over small plates. Devices made of



T1-6A1-4V were superior in corrosion-fatigue performance to the type 316L
devices even though some fretting and wear occurred in the countersinks.

Fretting and Crevice Corrosion (Section 1.6 and 8.7)

One of the most serious corrosion problems associated with type 316
stainless steel is its susceptibility to crevice corrosion. The incidence and
extent of this type of corrosion in surgical implants was stressed by Scales
etal.59 who reported the presence of crevice corrosion in 24% of type 316L
bone plates and screws examined after removal from patients. This record
however compared favourably with the presence of crevice corrosion in 51 %
of 18-8 stainless plates, demonstrating the superiority of the molybdenum-
containing grade.

Further improvements in corrosion resistance have been made by mini-
mising the non-metallic inclusion content of type 316 stainless steel. A
routine examination of over 100 type 316LVM surgical implants, removed
for various reasons, did not show evidence of pitting corrosion or general
attack but have revealed small areas of crevice corrosion in bone plate/screw
interfaces. A crevice is usually formed by screw head/bone plate counter
contiguity, initiating the corrosion process. Constant minute flexural move-
ments of the highly stressed bone plate aggravates the corrosion damage
through fretting of the contacting surfaces2.

Syrett and Davis42 conducted in-vivo studies wherein they implanted
crevice corrosion specimens of Co-Cr-Mo in dogs and rhesus monkeys for
up to two years. Their results indicated the alloy was not susceptible to
crevice corrosion. Galante and Rostoker60 implanted crevice-type speci-
mens of Co-Cr-Mo and Ti-6Al-4V in the back of rabbits for 12 months.
Although no evidence of severe corrosion was found in any of the specimens,
several of the titanium and cobalt specimens did show signs of 'single pits'
in the crevice regions.

From tests conducted in chloride solutions at temperatures greater than
10O0C, Griess61 concluded that for titanium to corrode in crevice regions,
the solution within the crevice must become and remain significantly acid.
However, it should be emphasised that the temperature in the physiological
environment is much lower (370C). In the physiological corrosion test per-
formed by Fraker et al.62 the pH of one of their test solutions was 1 • 9; they
reported no significant effect on the passive behaviour of titanium or
Ti-6Al-4V. Solar etal.63 also found that the pH had no significant effect in
the range of 1-5 to 9-0.

Galvanic Corrosion (Sect/on 1.6 and 1.7)

The specimen design used in the study by Rostoker et al.48 was such that it
simulated both galvanic coupling and crevice conditions. Specimens were
immersed in a 1% saline solution at 370C, and examined by optical micro-
scopy after exposures of a few to 100 days. No corrosion was observed
on Ti-6Al-4V when the alloy was either uncoupled, coupled with itself
(simple crevice), or coupled with type 316L stainless steel, cast Co-Cr-Mo



alloy or graphite. In contrast, type 316L stainless steel exhibited multiple pit-
ting in all tests. Levine and Staehle64 reported similar findings, and con-
cluded that type 316L stainless steel is the most susceptible to crevice attack
compared with wrought Co-Cr-Mo, commercial purity titanium and
Ti-6Al-4V. They also concluded that 'problems can occur with any of the
widely used metals, however, especially if metals are mixed'. The use of
dissimilar metals in surgery has recently been reviewed by Mears65 who
suggests that titanium may be used with a number of less passive metals
without fear of increased corrosion of the latter.

The successful clinical use of titanium and cobalt-chromium alloy com-
binations has been reported66. Lucas etal.25 also investigated this combina-
tion using electrochemical studies based on mixed potential and protection
potential theories. Verification of these studies was made by direct coupling
experiments. The electrochemical studies predicted coupled corrosion poten-
tials of —0.22V and low coupled corrosion rates of 0.02 p A/cm2. Direct
coupling experiments verified these results. The cobalt-titanium interfaces
on the implants were macroscopically examined and no instances of exten-
sive corrosion were found. Overall, the in-vitro corrosion studies and the
examination of retrieved prostheses predicted no exaggerated in-vivo corro-
sion due to the coupling of these cobalt and titanium alloys.

Sensitisation (Section 3.3)

The solubility of carbon in austenitic stainless steels is much greater at
normal softening treatment temperatures (1000-110O0C) than at lower
temperatures and the formation of Cr23C6 carbides, largely at grain boun-
daries, during slow cooling through or on subsequent reheating within the
approximate temperature range 500-75O0C can lead to serious depletion of
chromium with a decrease in propensity to become passive at or near the
grain boundaries, so that intergranular corrosion may occur when the steel
is in contact with a corrodent67.

Intercrystalline corrosion was a serious problem with the austenitic stain-
less steels early in their development since carbon contents then were rela-
tively high, e.g. En58J contained up to 0.12% C, 316 type stainless steel
contained up to 0.08% C. The problem in relation to surgical implants has
been reported by Scales etal.59 and as a result of this and several other
reports the British, American and International Standards specified the use
of a 316S12 type austenitic stainless steel which contains 0.03% C max. The
use of the lower carbon content stainless steels as specified in the various
standards has now eliminated the problem of sensitisation of implants. If
manufacturers do use the 0.08% C versions they have to be very careful with
the forging temperatures or anneal the prostheses afterwards.

Conclusions

The basic materials which are called for in the National and International
Standards, provided that they are in their correct metallurgical condition,



have adequate strength and corrosion resistance for most orthopaedic
applications.

As the surgical techniques advance, the average age of the patient sub-
jected to total joint replacement is decreasing and therefore the life expec-
tancy of the implant is increasing. This obviously places more emphasis on
the fatigue and corrosion resistant properties of the materials which are used
in orthopaedic surgery.

The modern materials technologists and surgeons are experimenting with
have different types of surface coatings on the prostheses in an effort to
induce bony in-growth, enhance fixation and/or eliminate the use of bone
cement. Typical coatings involve plasma spraying, sintering alloy powders
or diffusion bonding meshes onto the surfaces and/or coating the surfaces
with hydroxyapatite. Whilst these coatings are resolving some orthopaedic
problems they might generate a new series of difficulties which the manu-
facturer will have to overcome, especially as far as fatigue life and crevice
corrosion resistance is concerned.

M. F. LECLERC
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Glossary of Medical Terms

Cholesterol: A fatlike, pearly substance, a monatomical alcohol,
C27H45OH, crystallising in the form of acicular crystals and found in all
animal fats and oils, in bile, blood, brain tissue, milk, yolk of egg, the
medullated sheaths of nerve fibres, the liver, kidneys and adrenal glands.

Distal: Away from the body or origin, e.g. the free end of a limb.
Note: Contrast with proximal.

Endoprosthesis: A permanent prosthesis used wholly within the body, e.g.
as a replacement for a bone, a joint, a tendon or a ligament.

Extracellular: Outside of a cell or cells.

Haematoma: The collection of blood in tissues due to haemorrhage.

Intramedullary nail: An implant for introduction into the marrow cavity
of long bones forming an internal splint. The nail may be straight or curved
and of V, clover-leaf (e.g. Kuntscher nail) or circular cross-section.

In-vitro: Literally, 'in glass', e.g. in laboratory apparatus.

In-vivo: In a living organism, e.g. a human being.

Lateral: Away from the median plane of the body.
Note: Contrast with medial.

Lymph: A transparent, slightly yellow liquid of alkaline reaction, found in
the lymphatic vessels.

Medial: Towards the median plane of the body.
Note: Contrast with lateral.

Median: The longitudinal anteroposterior plane dividing the body into
apparently similar halves.

Pathology: The study of disease.

Phospholipids: A lipid containing phosphorus which on hydrolysis yields
fatty acids, glycerin, and a nitrogenous compound. Lecithin cephalin and
sphingomyelin are the best known examples.

Physiological environment: The study of the function of the body.

Plasma: Anything formed or moulded. The fluid portion of the blood in
which the corpuscles are suspended.

Prosthesis: Any device that replaces an anatomical part or deficiency.



Proximal: Nearer to the body or origin, e.g. the root of a limb.
Note: Contrast with distal.

Resorption: The loss of substance through physiological or patholigical
means, such as loss of dentin and cementum of a tooth.

Telemetric: The making of measurements at a distance from the subject,
the measurable evidence of the phenomena under investigation being
transmitted by radio signals.

Total joint replacement: The replacement of a joint by an endoprosthesis.

Trauma: A wound or injury.
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